with live virus has been successfully used to protect olive flounder Paralichthys olivaceus against viral hemorrhagic septicemia virus infection and sevenband grouper Epinephelus septemfasciatus (synonym of Hyporthodus septemfasciatus) against nervous necrosis virus (NNV) infection (Nishizawa et al., 2011a (Nishizawa et al., , 2012 .
The most important factor for successful fish immunization with live virus is the regulation of viral virulence. For NNV, both virulence and multiplication rate were correlated with fish rearing temperature (Nishizawa et al., 2011b) . For RSIV, its virulence to rock bream is also correlated with fish rearing temperature from 15°C and 30°C (Oh et al., 2014) . Although the multiplication rate of RSIV is correlated with temperature in vitro (Oh and Nishizawa, 2016) , little is known about the relationship between its multiplication rate and temperature in vivo. Thus, the objective of this study was to inoculate RSIV to rock bream reared at four different temperatures from 11°C to 28°C and determine its multiplication rate of RSIV in vivo.
Materials and Methods

Virus
RSIV RBHad09 isolate stock suspension used in a previous study (Oh et al., 2014) , was used in the present study. This RSIV stock suspension was prepared with splenic tissues of moribund rock bream. Briefly, fish splenic tissues were homogenized with 9 volumes of Leibovitz's L-15 medium (Gibco) and centrifuged at 3,000 × g for 10 min at 4°C. The supernatant was subdivided and stored at -80°C until use. The 50% lethal dose (LD 50 ) of the RSIV stock suspension was determined to be approximately at 10 5.6 -fold dilution/100 μL/ fish with mean body weight (MBW) of 13.9 g (Oh et al., 2014) .
RSIV-infection of fish reared at different temperatures
Experiments were performed at seawater temperatures of 16°C, 26°C and 28°C. The experiment performed at 28°C was controlled with thermostatic heaters. However, the experiments performed at 16°C and 26°C were carried without using heaters. Thus, fish rearing temperatures at 16°C increased at 0.15°C/day to around 21°C, while that at 26°C decreased at 0.11°C/day to around 21°C, along changes of natural water temperatures. For the sake of convenience, those fish groups were shown as fish inoculated RSIV at 16°C and 26°C, respectively. Rock bream were reared in three aquaria with 1,000 L of seawater turned over 24 times/day. Fish in two aquaria were intramuscularly inoculated with 100 μL of stock RSIV suspension diluted 10 3 -fold with L-15 medium. Fish in the remaining aquarium were intramuscularly injected with 100 μL of L-15 medium alone. At 1, 3, 5, 7, 10, 14, 21 and 28 days after RSIV inoculation, six fish were sacrificed from one of the two aquaria at each temperature, and splenic tissues of each fish were individually subjected to nucleic acid extraction and detection of RSIV genomes by qPCR assay as described below. The remaining fish in another aquarium at each temperature were monitored for mortality. 
Infection of fish with RSIV at different doses
A total of 1,350 rock bream (MBW of 17 g) were reared in nine aquaria (n = 150) with 1,000 L of seawater turned over 24 times/day. With the water temperature at 11°C, fish in eight of the nine aquaria were intramuscularly inoculated with 100 μL of the RSIV suspension diluted 10 3 , 10 4 , 10 5 or 10 6 -fold with L-15 medium (two aquaria per dilution). Fish in the remaining aquarium were intramuscularly injected with 100 μL of L-15 medium alone. At 1, 3, 5, 7 and 10 days after RSIV inoculation and every week (2 to 19) thereafter, six fish from one out of the two aquaria with RSIV inoculation at each dose were sacrificed and splenic tissues were subjected to nucleic acid extraction and detection of RSIV genomes by qPCR assay. The remaining aquaria with RSIV-or mock-inoculation were monitored for fish mortality. These experiments were carried without using heaters, meaning that fish rearing temperatures increased at 0.15°C/day from 11°C to 21°C.
Ethics Statement
The experiments using rock bream were carried out in strict accordance with the recommendations of the Institutional Animal Care and Use Committee of Chonnam National University (Permit Number: CNU IACUC-YS-2015-4).
Quantitative detection of RSIV genomes from fish
Total nucleic acids were extracted from fish splenic tissue using standard phenol and chloroform/isoamylalcohol extraction method. They were used as templates for qPCR assay using primers qPst-Had09F (5′-GCA GCC CAG ATT TTT GGT TCG-3′) and qPst-Had09R (5′-TGT GCC CAT GTC CTG GTA ATT G-3′) targeting RSIV genomes . The qPCR assay was carried out in an Exicycler 96 real-time quantitative thermal block (Bioneer) using SYBR Green AccuPower Greenstar qPCR premix (Bioneer) with the following program: one cycle at 95°C for 2 min followed by 40 cycles at 95°C for 10 s and 58°C for 40 s. RSIV genome number in samples was estimated using the following regression line: y = -0.266 x + 10.95, where y was the number of RSIV genome (n log 10 ), and x was the measured Ct value. The regression line was available for Ct values between 8 and 34, indicating that the quantitative-detection limit was approximately 10 2 genomes/reaction (corresponding to 10 3.5 genomes/mg of fish splenic tissue).
Results and Discussion
Changes in mortality and RSIV genome titer in rock bream after RSIV inoculation at different rearing temperatures are shown in Fig. 1 . In the fish group inoculated with RSIV at 28°C, fish began to die on day 11 after RSIV inoculation. Their cumulative mortality reached 95.1% at 19 days after RSIV inoculation. RSIV genome in splenic tissues was detected on day 7 after RSIV inoculation. It reached > 10 8 genomes/mg on day 10 after RSIV inoculation (Fig. 1A) . In the fish group inoculated with RSIV at 26°C, fish began to die on day 15 after RSIV inoculation. Their cumulative mortality reached 92.5% at 33 days after RSIV inoculation. RSIV genome in splenic tissue was detected from day 13 after RSIV inoculation. It reached beyond 10 8 genomes/mg on day 25 (Fig. 1B) . Less than 5% cumulative mortality was observed for fish inoculated with RSIV at 16°C. RSIV genome was detected from day 10 after RSIV inoculation at 16°C, although it did not reach 10 6 genomes/mg at 28 days after RSIV inoculation (Fig. 1C) . Multiplication rates of RSIV in fish inoculated with RSIV at 28°C, 26°C and 16°C are shown in Fig. 2 . The multiplication rate of RSIV in vivo was increased by increasing the fish rearing temperature. Recently, we have demonstrated the potential of vaccinating rock bream with a live RSIV at 15.5°C (Oh et al., 2014) so that the virulence of RSIV can be controlled. The virulence of RSIV has been found to be correlated with fish rearing temperature between 16°C and 30°C ( Fig. 1 , Oh et al., 2014) . Thus, the virulence of RSIV can be regulated indirectly by controlling fish rearing temperature through regulating the RSIV multiplication rate. This could be a common method to vaccinate fish with live viruses at low temperatures (Nishizawa et al., 2012) . We were interested in finding the lower limit of temperature for RSIV multiplication in vivo. Since RSIV multiplied slowly even at fish inoculated with RSIV at 16°C (Fig. 1) , we performed the same experiments at fish inoculated with RSIV at 11°C (Fig. 3) . After RSIV was inoculated to fish at 11°C, fish rearing temperature then increased to 21°C by approximately 0.15°C per day. However, the temperature remained stable at 21 ± 1°C from day 68 to the end of the experiment (Fig.  3A) . Fish inoculated with RSIV suspension diluted 10 3 -or 10 4 -fold began to die on days 59 or 62 after RSIV inoculation. Their cumulative mortality rates were 78.0% and 92.7%, respectively (Fig. 3A) . No mortality was observed in fish inoculated with RSIV suspension diluted 10 5 -or 10 6 -fold or L-15 medium alone (mockinoculation). Regardless of RSIV inoculation doses, RSIV genome titers were under the quantitative detection limit (10 3.5 genomes/mg) until day 49 after RSIV inoculation. However, in fish inoculated with RSIV diluted at 10 3 -or 10 4 -fold, RSIV genomes began to be detected on days 56 or 84, respectively. They were increased to > 10 7.8 genomes/mg on days 91 to 98, respectively, after RSIV inoculation. In fish inoculated with RSIV diluted 10 5 -or 10 6 -fold, RSIV genomes between 10 4.2 and 10 5.3 genomes/mg were detected on days 84 to 119. However, they were decreased to under the quantitative detection limit on days 119 to 126 (Fig. 3B) . These results indicated that fish were persistently infected with RSIV for a long period. Furthermore, fish with persistently infection of RSIV (PI-fish RSIV ) developed disease after rearing temperature was increased to ≥ 20°C. Interestingly, the mortality of PIfish RSIV seemed to be influenced by the initial intensity of RSIV-infection. Asymptomatic fish persistently infected with RSIV in aquaculture farms has been reported. These fish will develop disease when rearing temperature is increased to ≥ 20°C (Choi et al., 2006; Jun et al., 2009) . Thus, occurrence of RSIV-infection in farmed rock bream might be limited not in the summer season, but also in earlier season at low water temperatures. Oh et al. (2014) have demonstrated that fish inoculated with RSIV at 15.5°C can mount protective immune response. However, fish inoculated with RSIV at 11°C were persistently infected by RSIV in this study (Fig. 3) . Moreover, PI-fish RSIV developed disease when rearing temperature was increased to ≥ 20°C (Fig. 3A) , suggesting that PI-fish RSIV might not have protective immune response to RSIV infection. A decisive difference has been observed in the kinetics of RSIV between fish inoculated with RSIV at 15.5°C and those inoculated at 11°C. In fish inoculated with RSIV at 15.5°C, RSIV was multiplied up to the threshold level for fish to mount protective immune response (10 5.4 genomes/mg). It was then disappeared (Oh et al., 2014) . However, in fish inoculated with RSIV at 11°C, no multiplication was observed in the first 50 days after RSIV inoculation (Fig.  3B) . Nishizawa et al. (2011b Nishizawa et al. ( , 2012 ) have suggested that a certain level of viral multiplication is required for fish to mount protective immune response after immunization with live virus. This could be the reason why PIfish RSIV did not mount protective immune response.
Recently, Hossain et al. (2009) have demonstrated that lymphocystis disease (LCD) virus, a member of the genus Lymphocystivirus in family of Iridoviridae, can also persistently infect olive flounder at 10°C for 45 days. LCD will develop after water temperature is increased to 20°C, the optimum temperature for LCD onset. Therefore, persistent infection at low temperature for a long period might be an interesting feature of fish iridoviruses. Although little is known about the mechanism of persistent infection of RSIV, the present study demonstrated a method for artificial production of fish persistently infected by RSIV. The mechanism of persistent infection of RSIV in vivo merits further study. 
